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I ’ . Nai toh

Abstrac t set boundary . As the review by J ohnson and Na itoh
(3 1)  has indicated , it is indeed tru e that short-term SI)

Sonie recent studies on sleep loss r etea l signif icant im- does not seriousl y interfere with the comp let ion of as-
pro vements in h:ochemical , physiol og ical and psy cho - si gned tasks under field conditions. I)ramat ic support of
log ical methods of as~es .smenf .  Critical examination of their view comes from partici pants in single.hand ~d
tI’ r c e  st id dles indicates altered research emphases , some transatlantic yacht racing (6). These partici pants
new ly detelop ed research concepts , and a new aware- functioned well enoug h to comp lete the 3,000 mile
ness of the method ological comp lexity involved in the ocean crossing, despite having to wake themselves up
see ’niog lv simple research tool , sleep deprivation. The at hourl y or even more frequent intervals throughout
present p i per suggests that sleep depri vation research 20—58 day yacht race. I do not dispute the observed
wi ll re ”/ ,zin , ‘ehor ta, :t in advancing otir understanding robustness of certain aspects of the task performances
of the impact ot1 sleep loss , and of the mechanisms for under the field conditions . However , I wonder if a
the need of sleep. multidisci plinary approach would have revealed bio-

chemical , phys iolog ical and long-term health “ cost ”
f rom undertaking such an arduou s adventure .

Introduction In the present paper , five research trends in recent stu-
dies of SD will be examined to show the extent of pro-

I HE EFFE (,T S OF SLEEP DEPRIVATION (SD) IN HUMAN S gress and also to hi ghlight unresolved critical problems .
have been studied exten sivel y. Man rev iews have The first research trend is the effort to evaluate stu dies
appeared , and some are given in the references for this on SD in the context of sleep research , Here sleep loss
pape r (14 . 15 , 17 , 24 , 26 , 29 , 31 , ~4 , 36 , 42 , 53 , 59 , research is closely woven into the fabric of general sleep
60 , 63) . In addition , two sy m posia directl y concerned research. The second research trend is the renewed in-
w i r h  SI) have been held recentl y (12 , 65). terest in obtaining non-performance measures of the
Thi s paper has been prepared to provide a multidisci- effects of SD. This trend represents the most clear-cu t
plinar v view of SD effects. Many past reviews have departure from most of the past SD researches in which
been unsatisfactory and even misleadi ng, as their cover- the anchoring point was invariabl y related to task per-
age has been so limited that they have failed to eva- formance. The t hir d tren d is the increase in fietd stu-
luate the effect s of SD as an integra l whole. The only dies. The fourth trend places emp hasis on indiv i d i al
exceptions to these narrowl y-based hi ghly-specialized differences. Finally the f if t h  trend is reflected in the in-
reviews are reports h~ ~ovanovi~ et al . (34), Levi (36) crease of medically oriented research,
and Wilkinson (60): they have examined the effects of
SI) across many discip lines . e. g biochemi stry . phys io- I. Sleep Deprivation and Sleep Research
logy and psychology , cover i . ~ the literature up to 1971. Research on SD is as old as tha t  which exp lo res the
Investigators who rely heavil y and uncriticall y on spe- na ture  of sleep, and there used to he a very close link
cialized reviews face the risk of undere st imating the between these two fields of scientific inquir y . However ,
impact of SD on human s. For example , short-term loss nowada~-s , we are losing the close interaction berwe~n
of sleep, i e. sleep loss of less than 40 hours , has been sleep researches and SD studies . The researchers of SD
shown definitel y not to affec t the human cognitive and have developed their own specialized field almost inde-
memory functions which are necessary to perform as- pendent of sleep research , int en sive l~’ cat alog ing the
signed ta sks under field conditions (31) .  However , this impact of SD on task performances . physiolo~ cal van -
does not imply either that the effects of SI) arc corn- ables and others . For some SD re searchers , SD ha s be-
pletely innocuous or that there is l i t t le  point n con- come merely a tool used to change the experimental
tinuing the field studies to determine the undesirable subje c t ’s body and mind. Report ino these changes is a
consequences of SD. I can easily imag ine a field con- major obsession of some SI) studies , lead ing them to.
dition where men would be exposed to several short- euphemisticall y spe aki n g. an empiricism which in fa~t
term SDs , one after the other , without adequate oppor- is to confirm repeated lu’ a t r u i s m :  SI) makes hu ’nans
runity for full recovery from the effects of each preced- and animals sleep y .
ing episod e of SD , resulting in possible stress-related Recent ly Dernent (14 ) .  Dement and Mit1~r (15) and
phy sical ai lments.  Indirect evidence for assuming the Rechtsch affe n (53’~ have raised methodologica l ques-
occurence of such dire operational consequences due to rions concerned with SD as seen in the context of sleep
short-term SD already exists in the Current literature research .
(9 , 10 , 21 , 22 , 26 , 36. 44. 48, 49). Thus, when the \Vith respect to total SD. Dement (14) contends that
study of the effects of SD is not limited to the effects this can not be done with human subjects . They invari -
on task performance alone . but is extended to include ably slip in and out of “ n . ’e rnsleep ” d ’ir in g the period
the m j ch broader interd isciplinary framework of the of supposedly “ total” SD. Dement further  covitends
individual’ s health , can we arrive at the adequate con- that these microsleeps occur more and more often as
chision that  even a short-term SD could be hazardous. we continue to depri ve “ total ” sleep. Our efforts
Emphasis on the mult idi sciplinar y approach does not simply break up sleep into microskeps. Subjects do not
imp ly that the specialized reviews are useless and in- sleep for a single stretch of eight hours , b it t  they sleep
accurate. They do give us a clear , hut perhaps too in bits and p ieces throughout the day or nig ht. Thus,
simplified view of the effects of SD on humans within a the concept of “ total ” SD is not valid , and research on
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tot al SD wil l  not further elucidate the functions of ,i~s.i sao 
, . -— ~~‘P” ~~

-- I

sleep. 8v shatterin g methodolog ical naiveté in SD re- 
______

.4

~ 

.. ~.

sea~d,, Dement and Mitl er  have contributed to its pro- ‘~~~ ‘ •~~ ~ - 
~~~~~~~~~~~~ 

-

gress. IJoweven , they fail to see that even such a blunt 
~~~~~~~~~~ - ~~~~~~~~~ ~~~

and imperfect tool as total SD can still be employed ~~~ ~~~~~~~
‘-

to reve-i l some secrets of sleep if we are to couch aid , .,,

reconsider the findings of microsleep in SD research ‘
~
‘ - s

i n the context of general sleep research . Instead of ah- ‘ ~~~~~~
‘ - ~- -~~.-T : ’  -

andoning SD, we could scrutinize the thanacter~stics of 
~~~~ 

‘

~the microsleeps. Are the microsleeps mostl y skep . -

stage I . or are any other sleep stages involved ? Under ~~~~~~ ~
- . - - - . -

prolonged total SD of two or more consecutive nights , ~~~
. -: ‘

do microsleeps develop quickly into sleep stages 2 and ~~~~. ~ 
-

3. before the experimenter can intervene (8 , 62)? Since ~~ j -
~~

there has been no stu dy which recorded continuously ~‘ ii mi

the sleep-sta rved subjects wi th  respect to electroence- 
F,.q~ ..,y

phi lou ’ ra ms , electrooculograms , electromyograms and
othe r variables , we have no idea what is the dist ribut- Figure 1.

ion of microsleeps over a 24-hour period . Similarly, we A flat contour map of the C3-mastoid brain-w ave spectral in-
have no facts at all  about the kind and duration of tcns itie s of a normal subject without  SD. The map shows the
sleep stages , or the “ recuperat ive power” of these mic- brain .wav e frequencies on the X-axis , the elapsed time since

t he time to go- t o-sleep along the \ -axis , and the spectral in-rosleeps with regard to the removal of sleepiness and tcnsit ies as the equi-contour lines . This map can be read as a
fa t ig ue, weather map or geographic map, showing the high’s an d low ’s.
It is particularl y instructive however , to recall the fact The subject was told to go to sleep at 06 mm 45 sec. By 15 mm

that the SD studies conducted at Walter Reed Army 50 see, he lost almost all of his alpha act iv i t y .  The first sleep
spindles appeared approximately at 21 m m .  This bra in-wave

Inst i tute  of Research and later at UCLA (65) suggest record , togethe r with the elcctro -oculograms (not shown ), was
utter inabil i ty of even hundreds of microsleeps to arne- scored independently from the spectral analy sis , and the re-
l iorate fati gue and sleepiness. The recuperative power suIts are shown to the rig ht of the map as W ( a k e ) .  1 (s leep
o the aggregate microsleeps is not sufficient to sustain stage 1) 2 (sleep stage 2 )  and 3 (sleep stage 3). The letter

represents a transition stage.normal level of task performance. The limited amount
of pofvgr ap hic observations in the UCLA study have
show n that  the subj e ct s  were almost constantl y in a _______

state closely resembling stage 1 sleep, that i s, the state
of lor ’nire g lia . Yet these subjects experienced conti-
nu al  fa t i gue and relentless sleepiness. Polygrap hically
speaking, these subjects were experiencing sleep stage 1 logical nature of this sleepy state. With experimentall y
saturation. Therefore , judging from the reported created intense and persistent sleepiness , total SD gives
fat i gue arid sleepiness , should n ’t we conclude that sleep the resea rchers of sleep an easy mult i ple access to sleep
stage I can not be a substitute for sleep? If we were to onset. What is sleep iness? Is the sleepiness of normal
control the dura t ion  of microsleeps . make them last a subjects different from that of insomniacs , hypersomni-
hit longer , would we be able to find microsleeps which acs , narcoleptics and patients suffering f rom other
are trul y recuperat ive in the sense that they remove sleep disorders? If we suppress sleepiness by admini-
f i t  i gui e an d slecpine’s , shou ldn ’t we concl idc tha t  sleep stration of amp hetamine , would the sleep-starved sub-
cuperative microsleeps include inyariabl y certain st eep jects , now being no longer sleepy, be different from
stages , such as stapes 3 . 4 and REM , or would we find normal subjects (53)?
that they are always longer than certain minimal du- Dement and Mitler (14 , 15) also maintain that REM
ration? These qu estions are related to those which we sleep deprivation is not valid , because REM sleep is
attempt to answer by studies of sleep stage d”pr ivarion not a thing (such as the cerebellum or the kidneys)
and of short sleep stage deprivation and of short sl”ep which can be removed completely. REM sleep is a con-
or nap. Thus , a study of the microsleeps mi ght resolve fluence of many processes , such as bursts of rapid eye
some fundamental quest~ons about sleep. movements , low voltage electroencephalogram w th
Another feature of total SI) may play an important role occasional saw-tooth waves , electromyogra phic inhibi .
in sleep research . Total SD intensifies slecp inv’s s , aid tion , penile and clitoral tumescences , cardiovascular and
extends the period of sleepiness which is usually short respiratory irregularities , and others. Suppression of
for normal sleepers (see Fig. I ) .  Fig. I shows a y ew of rapid eye movements does not necessarily prevent
spectral analyzed brain waves of a normal subject with. other REM sleep processes from continuing. An addi-
out SD , who goes thro ugh period of presleep or hypno. tional reason for the invalidation of REM sleep depri-
gogic state , starting from 1 5 minutes after the bed-t me vation is that we can not deprive all of REM sleep by
and continuing unt i l  about 21 minutes . Because of the using the hand-awakening method , where the experi-
shortness of the span of time , it is very difficu ’t to cx- menter awakens the subjects at the earlies t si gn of na-
plore the psychophysiological , biochemical and physio- pid eye movements. Depending upon the alertness of
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the experimenter , subjects have at least ten to twenty when sleep duration is less than the sleep barrier , and
minutes of REM sleep over a night of REM deprivation . (2) as long as the minimal sleep duration is met , it does
That could be enough to serve adequately whatever not matter how much more sleep is obtained in terms
functions are usuall y fulfilled by much longer REM of task performance levels and subjective feelings. In
sleep. A similar argument can be offered to invalidate other words, total sleep duration may not be as rele-
stage 4 deprivation. vant as previously imagined in sustaining levels of task
Althoug h the arguments of Dement and his colleagues performances , as long as we exceed the minimal
are persuasive, sleep stage deprivation cannot be sum- amount.
manly rejec ted. The failure to confirm the supposed In previous studies of task performances , REM sleep
impairment after sleep stage deprivation (32 , 45) may was equally as effective as sleep stage 4 in restoring
be due to the inability to measure the changes of appro- subjects from the degrading effects of total sleep loss
priatel y chosen variables. Indeed , when we examine (32 , 39). REM sleep and sleep stage 4 are interchange-
some selected variables , we can begin to see the tan- able to some extent and we may have to conclude that
g ible effects of R I M  sleep deprivation (24 , 29 , 54 , 56 , the sleep stages are not very important with regard to
60). t~u sk performances. Now , total sleep duration is follow-
One feature of sleep stage deprivation is clearly pre- ing suit.
dicted by Dement ’s methodolog ical anal ysis; there are Afte r we have thoroughly satisfied ourselves as to the
no dramatic effects. REM or stage 4 sleep is not vital characteristics of the sleep barrier , perhaps we sho uld
for the individual ’s survival . Its absence is not a matter investi gate the question of how can we best arrange the
of life or death. Many studies on prolonged REM or sleep time (27), a question of the circadian effects on
slow wave sleep deprivation induced by drugs confirm sleep. Taub and Bergen (61) have alread y pointed out
this (1 , 8, 50, 68). that a large proportion of the changes in human b”ha-
\Vill our understanding of the functions of sleep be vior , which have been customarily believed to refi ‘ct
enriched by investigating reduced sleep or partial SD? effects of SD , is in fact dime to large circadian fluctu-
Partial SD answers the question: how many hou rs of ations. Similarl y, Morgan (40) has observed an int er-
sleep do we need to maintain performance of daily action between circadian influence and the effects of
routines? SD on task performances.
There are two ways to approach this question: acutely
reduced sleep or gradually reduced sleep. For acute ~~~~ Non.Performance Measures of Sleep Deprivation

sleep reduction , the habitual sleep duration is shortened Because of the success of the Walter Reed A u-my in-
over a single 24-hour period at the start of the experi- stitute of Research studies (65) and the research of
ment (25 , 27 , 63 , 64 , 67). This method of acute sleep Wilkinson and his coflegues (66 , 67), SD research has
reduction is accompanied by undesirable complications , inclined toward behavioral investigations , concerned
as it  imposes on the subject an immediate necessity to with task performances , subjec tve feelings , moti-
adapt to a longer sleep-wake cycle, and to altered dail y vations , perceptions , memory and others , while neuro-
rou tines. The gradual sleep reduction obviates such logical , biochemical and physiolog ical modifications
difficulties , since sleep duration is slowl y curtailed step- were sometimes shelved or treated only as processes
by-step over a span of months , for example 30 minutes to explain the observed behavioral manifestations.
every two weeks from an initial 7.5 hours of sleep to This emphasis on task performances is unfortuna te .
4 hours ( 30), so that subjects have ample time to adapt because we mi ght be misled to believe in an absence of
to new daily routines and a new life-sty le (20 , 30, 3 1). SD effects due to the inherent robustness of human abi-
A series of as yet uncompleted gradual sleep reduction lity to perform under stress, An apt analogy can be
studies has been reported by Friedmann and othi~rs drawn between task performance and body tempera-
(20) and Johnson and Naitoh (31). The subjects seem tu re. Body temperature is heavil y controlled by man y
to tol erate a reg imen of short sleep well , butt only down physiological mechanisms , such as sweating, shivering
to about 4. 5 to S hours of sleep per day. Thou gh func - or increase or decrease of the peripheral circulation , so
t inning adequately beyond this point on 4 to 5 hours as not to change radically even tinder the extreme am-
of sl eep, thes’ are unwil l ing to reduce their sleep fur- bient temperatures and heavy exercise, An absence of
ther. Those who do display signs of sleep defic it , despite radical deviation in body core temperature simp ly
a n ample time allotment for adaptat ion . In short , it ap- means that the temperatu re controlling variables are
pears that each subject has his own sleep barrier , below changing quite rapidl y and the feedback is effective.
w l u i u h  lie cannot shorten sleep without impairment. If Similarly , human task performance mieht not show
the regimen allows one to sleep longer than this hypo- any radical changes because many task perfo rmance-con-
thetical sleep battier , there is eventual adaptation to tro ll ing factors are changing to assure behavioral stabi-
shortened sleep, whereas shorter amount below this litv (26).
sleep harrier means an accumulation of sleep debt. In recent years , some SI) studies have focused on the
This prelimina ry observation , together with previous factors which control human task performances. Thus .
studies on sleep reduction (25 , 63 , 64 , 67), provides us it has been shown that total Si) produces activat i on of
with  two insi ghts : ( I )  sleep duration has shown a tit- the sympathetic adrenal meduilla rv system and the
ration point in the sense that a switch occurs from pi tu itary adrenal cortica l system (2 1, 22 , 26 , 36, 57) .
eventual adaptation to an accumulation of sleep debt Earlier , 1-lasselman and others (28) reported a dramatic
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increase in sympathetic adrenal medullary activity when that a single night of total SD (lid not degrade the
sleep-starved subjects rode a bicycle ergonometer under physical condition to below that level which the men
low ambient temperature. The evidence , however , re- had prior to the start of physical cond itiu ning, but
mains weak with respect to increases of urinary and total SD had a telling effect on the men ’s ability to
plasma 17-hydroxycorticoids. retain their peak physical condition.
Another factor which hel ps to maintain adequate per- III. Field Studies of Sleep Deprivation
formances during SD is a metabolism step-tip to meet
the increased demand for energy . Research has suggest- In SD studies , laboratory demonstrations have usuall y
ed th at total SD creates a perf erence to use li pids oven dominated over fi eld studies . Only recentl y there has
carbohy drates as a source of energy (26), and also alters been a renewed interest in evaluating whether men
metabolic mechanisms (9 , 10 , 13 , 62) . The Czed’ioslova- under field conditi ons wi l l  show performance impair-
k ian researchers , such as Brodan and Kuhn , fou nd that ment to a degree comparable to that  experienced under
the subjects experienced a si gnificant decline in “ physi . laboratory condit ions (31).  Unfor tunate ly ,  fi eld studies

cal fit ness ” , as measured by the Harvard Step test , dui . have produced results which do not agree with those
ring the period of recovery f rom five days of total SD obtained by lahu r a tn rv  studu cs (31 , 44). Wh y do SD
(9 , 10). This may mean that the metabolic “ debts ” in- eff ects fail  to appear under the field conditions? There
curved , due to a stepped-up catabolism during SD, were are perhaps three al ternat ive way s to resolve the dis-
“ paid hack” h~’ an intense rec tuperat ive anaho lism which crepancies betwee n the field and laboratory studies.
used all of the resources during the recovery per od. Firstly, th e failure to detect the SD effects under field
Th is limited severl y the energ ies necessary for the liar- conditions could be due to the use of insensitive and
yard Step test  and recovery from such a strenuous test. inadequate measures of the task performances. We
Copes and Rosentswieg (13) have shown that the Har- would have to employ a sleep-loss sensit ive measure ,
y ard Step test for n in th  graders suggests a decline of such as the supposed earl y decrement in reaction time
the “ endurance ” index during total SD. This decline tasks (37). Or , laboratory tasks which are known to be
can be interpreted as a reflection of an alread y-taxed sensitive to SD could be modified for field use . There
metabolism in the children. The metabolic mechanism are small portable devices suitable for use in the field ,
is no longer able to provide the surge of extra energy which can administer a short pre-arranged task , score
need ed to achieve a quick cardiac recovery after the the task performances automaticall y , and then store
test , the scores for later retrieval. In essence , devices would
Perhaps because of psvchocndocrinal mobilization ari d be analogous to a clinical thermometer , i. e. a task
altered metabolism during SD, there are changes in the thermonicter . The use of a clinical thermometer and a
hematolog ical and immunolog ical systems of the body, task thermometer would only minimall y interfere w t h
Two papers have reported changes in immunolog ical daily routines. The first step toward a task thermo-
reactions duue to SD ( 11 , 49). Also , an alteration in meter has already been taken by Wilkinson who has
phagocvtosis has been observed due to SD (48). Hema- modified the five-choice serial reaction time task for field
tolog ical changes due to SD have alread y been re- use. Secondly, the failure of field studies to detect SD
viewed h~’ Wilkinson (66) and h arris and O’Hanlon effects may be the result of using group averages rather
(26). An interesting hemato log ical observation in rats than extreme values. For examp le , the effects of shart-
has been reported by Dru cker-Colin al . ( 16). They term SD are small for the usual skills involved in
found that normocvtic anemia will ensue in sleep- driving a car. But , in certain hazardous situations , one
deprived rats under a nticoagulant treatment , and for lapse of short duration , or one severly affected indivi-
some , under addi t ion a l  treatment wi th  para-chloro- dual can lead to a mul t ip l e  traffic accident (38 . 46).
phenv ial an ine (PCPA). Under these conditions , rats Some discrepancies between the field and laboratory
lost m an s’  of their r(’c ! h1u o d cells and the hemoglobin studies max’ he resolved by greater attention paid to
was reduced to one half of the normal value. h owever , ind iv idua l  differences wi th  respect to tolerance of SD.
no hemorrhages were fc iui n d to account for the loss Thirdl y , discrepancies mas’ he a consequence of over-
of the red blood cells and hemoglobin. It is not known reliance on task performance measures. I n field con-
if I ” t r a v I t i o n  of normocvtic anemia by anticoa gulant dit ions , we should dispense with  inherently stable
tre atment  could occur in men. measures of task performance. Inste ad , we should use
Another int r i gu ing f indin g which is related to the study some physiolog ical (or other) non-performance meas-
of Cones and Rosentswieg (13) has been described tires. What wou ld these measures he like? Most pro-
by Olree and others (47). By monitoring the level of bahlv , they would he those variables which reflect a
heart rate increase to exercises , they trained hcalth y vary ing degree of sleepiness. U sui al l y ,  sleepiness is de.
s ubj ects , over a period of weeks , to be h g hlv nhvsi- tected by at t enua t ion  of brain-wave al pha rhythms ,
cat lv conditioned . Then , some of these physically con- increased brain-w ave theta activity , increased finger
d i t i oned men were asl ed to stop exer cising, and th”y pulse volume , slowed he ar t rate , shalt ower slower re~-
imnuecl iate lv started to lose their top physical condition spiration , constriction of the pupil (69), loss of the
at a slow but steady rate. Some others were asked to contingent negative v a r i a t i o n  (45 , 65) , inabilit y to
stay awake fo r j u st one night .  fllrce and oth”r s oh- ma in t a in  coordinated muscle contractions (such as
served that  the men lost their top phy s ical co’id t ’on those needed to hold a piece of rua pu ’r between the
very qui idd y after one ni ght of total SD. It appears thumb and a finger , or to hold the head straight tip
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without bobbing, or to remain standing erect on the the presence of a properly balanced control of two
feet), and undulating slow eye movements. The most opposing neurolog ical organi.r-~tions in regulating wake-
promising variables in the field conditions are the sleep cycle , i. e. the waking and sleeping systems. Some
eve-movements and eye blinks (4, 58). Stern (58)  and patients experience no desire to sleep, that is , agri pnia
Angiboust (4) have reported that with sleepiness due to abnormall y weakened sleep system. One patient
y i s u u a l  searches (or target s decrease and eye-positioning with Morvan ’s disease , for instance , d id not sleep for
to the targets becomes slower and inaccurate. Stern four months (19). Among those who are healthy in the
has observed also that eye blinks become slower with wake-sleep cycle, we observe a growing dominance
increasing sleepiness. These eye-movements can be of the sleep system over the wake system as SD con-
elicited b~’ a task of acquiring real-life visual targets , tinues on for 24 hours or more , until the sleep s~’~teni
such as in the case of an army helicopter p ilot (58), or exerts its influences forcibl y into the wake period , re-
by reading of wri t ten materials whose contents are suiting in microsleeps. The fact that the subjects have a
u l i rectlv r cl cv , in t  to the ioh at hand. healths’ wake steep cycle can be tested by looking at

thi’ recovery sleep records following SD (Fi g. 2 and
IV. Ind ividua l Differences in Sleep Deprivation
Although SD researchers have been interested in the
individual differences in terms of susceptibility to SD

40 

~~~~~~~~~~~~~~~~~~~~~(66), they have continued to collect SD data from a 20
rather homogeneous group of subjects. In addition , few

‘Csubjects are observed in SD studies. Putting these two
facts together , one realizes that we are yet in no posi-
tion to talk about research dealing with individual “““
differences. A study of individual differences would 40

necessarily require that we have a large sample of 30
individuals , heterogeneous in terms of age , health ,

20
intelligence , personality and sleep characteristics.

~ ASome recent studies have employed experimental sub- 10 

j ects other than the young health y college students and ___________________________________________
relatively voting mil i ta ry volunteer subjects , e. g. human
newborns (2 , 3), 9th graders (an average age of 15. 2 40

years (13) ), young alcoholics (an average age of 25. 8
30

years (62) ), healthy middle-aged officers (an average If .age of 56 years (21 , 22 , 36) ), and middle-aged alco- 20

holics (an average age of 48 years (62) ). Hopefull y 10
these st uidies mark the beginning of interest as to the
modi fication of the impact of SD by age difference. 

-

personality to sensitivit y to SD effects (44), the fi ndings 30 .

remain inconclusive. Similarl y, we have only scanty

Although there are a few studies on the relation of 40

evidence to support the view that certain individ ua ls

logical characteristics which render them espec ary
are born with physiolog ical , biochemical and psycho- 10

susceptible to SD effects . Can this supposed inborn 
- - 

2 3 4 ~
sensit ivi t y to SD he modulated by past experiences Fi gu re 2 :
with SD effects , and by moment-to-moment physiolo- Delta activities of sleep brain-waves of four “ihjec t s over eight
gical status? hours of sleep. The X-axis shows the houi rs of sicep. The in-

tegrated delta activities are shown on the \‘-axis in an arbitaryV. Medically Oriented R esearch on Sleep Deprivation unit proportional to uV2 . For details , see the text .
I suggested at the very beginning of this paper that
SD effects may pose some health hazards , and espe-
ciall y that physical ailments may et~;uc from repeated (41) ). There are large increases in sleep stages 3, 4 or
exposures to SD. On the other hand , SD has been REM , and corresponding decreases in sleep stages 1
found usef u l for combating depression (35 , 51 , 52). and 2. Fig. 2 shows an analog computer anal ysis of
Two significant contributions of the short-term SD to brain-wave delta activity (1—.3 I-lz) for four young
clinical medicine are concerned with aiding d ag’ioses healthy subjects before sleep loss , dotted histograms ,
in I )  some cases of sleep disorders , and 2) ep lepsy. and that after 60 hours of total SD plus two additional
SD helps diagnose the mechanisms which are respon- ni ghts of stage 4 deprivation . During the recovery
sible for certain sleep disorders , especially insomnia. To sleep, we see the increase in slow wave sleep due to
illustrate this point and also to simp lif y the further both an earl y entry into slow wave sleep and longer
discussion , let us subscribe for a moment to the yiew duration of the slow wave sleep period , suggesting
of jou vet , Mouret and others (33 , 43), which assumes vigorous sleep system. A careful examination of the

58



Steel’ l) cpruv at i on in Human Subjects: A Reappraisal

patterns of recovery sleep from SD could reveal the References
strength at the sleep system . Thus , one could diagnose I ,— Akindek , M. U Evans , J. 1. and Oswald , 1., Mono-amine Oxi-
patients with insomnia by means of their recovery t u i i z t i n ~ii ~ , Sleep and Mood , Eleci ruencep h. C1:n.
sleep, characterizing them as having a patholog ically .\ u i ’p h~ uw1., t1 970; ,  29 : 47—56.
weak sleep system , an excessivel y strong wake system , 2.— Ariders , I .  U. and Roliwarg , 11. P., The Effects of Selective
and perhaps others. St ep State Ikpru v auuon on the Human Newborn , Psycho-

p I ’vsw1o ~r , ( 1969 a) ,  6: 264——265.
SD is also help ful in the diagnosis of those suspected 3.— Anders , T. F. and Roflwarg, 11. 1’., The Effects of Total Sleep
ep ileptics who exh ibi t  normal brain-waves in routine lk p ui v a t u o n  on t he Human Newborn , I’sy thophyswlogy,
examination (5 , 7 , 23 , 55). These recent studies , to- 19U9 b) ,  6: 265.

4.— An gih ou u su . R., Lea ( onsequences des D~gradations de l’Etatgether with those which have been reviewed by N.’itolu d Eveil sur lea M ouv ern euuts de Posi uj onnement Occulaire
(44), show that  staying awake for one or two conse- par S,iccades , Rev. t ied . Aerona ut . Spat ., (19 73 ), 12:
c u t  ye nights  helps reveal abnormal discharges in the 81—86.

5.— lk~duwge r , U ., Kriebet , J. and Schlager , M., Das Sthl afentzug-morning examination of electroencephalograms f&low- Li ,~~, cia wi dutj ~’es diagnos t isthes llil fsmitt el bci cerebralen
ing total SD. Geller et al. (23) have shown that Auut .i ll cn , / . .\.curol ., ( 1973), 205: 193—206.
total SD can he performed even by small children at 6. t h n u uc t , U . , ,\le~ Rat and Psychological Problems in the 1972
home , wi th  encotiragement from their parents , and Sung k-h .un ded I r .unsatlan t ic Yacht Race , Lancet , (1973),

U~i’,her 6: 747— -754.
further that  total SI) provocation remains effective for 7.—. Bergonzz , P., Cuand setu , C., Ferroni , A. and Marthesi , G.,
the children under anticon vulsant treatment. The fact 1~r iv ,u/ .u e  del t a  V t :ase di Sonno in Sogetti Ep ilettuci —

N lodilieazi one delte Scarithe c dell Organizza zione del Sonnothat one ni ght of tot al SD can reveal otherwise unde- N ,ttur no , Ric Neur ol., (1970) , 40: 344—348.
tected focal abnormalities it .  the electroencephalograms 8.— B?e,.inov,l. V., I lor t , V. ari d Vojtétho vsk~ , M. , Sleep Depri-
makes SD a significant diagnostic aid (5). Unfortuna- v. ut u o n w u t h  Respect to Age: an EEG Study, Act,v. Ner v.
tel~’ . we still do not understand the mechanisms of Super . (I’raha) , (1969), 11 :  182—187.

9.— Brotl an , V. and Kuhn , 1.. , Ph ysical Performance in Man during
SD which provoke the abnormal discharges among Sleep Deprivation , I. Sports Med . Phy. F it ., ( 1967), 7:
cu is pected epileptic patients or among some suspect -d 28—30.
brain tr at ima c.uscs , Blood glucose level seems to have 10.-— Brodan , V ., Voitéthovsk~ , M., Kuhn , E. and Cepelák , J .,

Ch anges ot Ment al and Ph ysical Performance in Sleep Dc-
no relevance to this increased proneness to seizure prived Health y Volunteers , Ilc tiv. Ner v. Super. (Praha) ,
discharges. Also unsettled is the question of whether (1969), 11: 175—181.
proneness towards abnormal brain-wave discharges is 11.— Casey, F. B., l.is cnber g, J ., Peterson , D. and Piepe r , D., Altered

Anti gen Uptake and Dis tribution due to Exposure to Ex-
a direct consequence of the organismic state produced t reme l- .nv ,ronu nt- nt at Temperatures or Sleep Deprivation ,
by SD itself , or is mainly due to increased sleepiness Rciicuf oce, udolheli a l Soc . J . ,  (1974), 15: 87—95.
and fatigue in the morning following a sleepless night. 12.— Coiquhouin , W. P. (ed ), Aspects of Human Efficiency : Diurnal

Rhy thm and Loss of Sleep (London , Eng l ish Univ. Press ,
It appears that SD will not produce abnormal dis- 1972).
charges in brain-waves if the subjects are neurologically 13. — Copes , K. and Rosenussv ieg, J ., The Effects of Sleep Depri-
health y . rn other words , SI) provocation has min imal y ah oo upon Motor Performane of Ninth-grade Students , 1.

Spor ts  Med.  I ’i ’v. F~I. , (1972),  12: 47—53.
false positives. On the other hand , SD provocation 14 Dement , W. C., Steep Deprivation and the Organization of the
can resu lt in some false negative cases. SD provocation Behavior al Sta t es , in: Ct emeuu t e , C . D., Purpura , D. P. and
could be useful for screening public transport workers , .\ Iayer . F. E., St .Lf . l ’  AND TILE MATURING NERVOUS

SYSTEM (Academic Press , New York , 1972) .
such as air-line pilots , bus-drivers and others . 15.— i~ .ment , \V. C. and Miui er , M. NI. , I ntroduction to Sleep, in:

Petre-Quadens . 0. and Sdilag, J. D., BASIC SLEEP
Conclusions NlI: CII AN ISM S ( Academic Press , New York , 1974).

16.— t)rucker-Cotin , R. R ., Jaques , I.. B. and Winocur , C., Anemia
With further methodological maturation , SD research is in Sleep-deprived Rats Receiving Anticoagulant , Science,

( 197 1) ,  174: 505—507.
expected to contribute towards an understanding of 17.— Ehren su ein W. , Day Steep after Ni ght Work and Ni ght Sleep
the function of sleep. It can explore the nature of ,ut te r  I)ay \X’or k: Comparat ive Study in 8 Nurses , in:
sleep iness , sleep onset and microsleep. A wider use of Jovanovi~, U. J .. TI L E NATURE OF SLEEP (Gustav

Fischer Verlag, Stuttgart , 1973) .SD is antici pated also in clinical medicine. I n additio n , 18.— Fisher , C., Kahn . I - .. Edward s , A. and Daa’i~, D. M., A Psycho-
the SD research should continue to maintain a tradi- physiological Study of Nightmares and Night Terrors , Arch.
tional inqui ry into SD , where psychological , physio’o- C m .  Psy chsa t., ( 1973), 28: 252—259.

19.— Fisher-Perro uudon . C. Mouret , 1. and Jouvet , N I. Sti r un Cas
gical and biochemical effects of SD are systematically d’Agrypnie (4  Mois sans S ’mmei l) au Cours d’une Maladie
catalogued to demonstrate potential health hazards im- de Morvan. Effet Favorable du 5.Hydroxv tr i ptap hane , Elec-
posed by SD. The restul t s of such scientific inquiry on troe ncep h. (u n  N, ’n ’- ~ p / ’~’sio1 ., ( 1974),  36: 1— 18.
the SD effects could eventuall y lead to an improvement 20.— Friedm,unn , 1. . Glohuus , ( , .. Kuke r . C.. Miu l laney, D., Joh nson ,

L Muses . j . and N sito h , P ., Gradu al Sleep Rest rict on
of the well-being of our society by warning of the Effects in EEG Sleep Patterns , S1~cp Re: , ( 1974 ) , 3: 150.
dangers of excessive sleep lessness , and by showing 21.— Froherg, 1. F. . Circ ad ian Rh y thms  in Catetholamine Excretion ,
how to keep a proper balance between wakefulness and Performance and Sdfra t ing s (Rep. Lab. Clin. Stress Rca.,

Depts Med. Psychiat., Karotin ska , 1974).
sleep. 22.— Freherg, j. , Kar lsson , C C., Levi , L. and Lidher g, L., Circadian

Var iations in Performance , Psychotogical Ratings . Catcdio-
ACKNOWLFDGM! ’N TS larnine Excretion , and Diuresis during Prolonged Sleep De-

privation , I nt ern . J .  Ps~’cbohzol. (1972), 2: 23—36.
The suitor is indebt ed to I.. C Johnson and A. Lubin for cdi. 23.— GelI , -r . N I B .. Couur ~lj i . N . Cli r is u o t l . N m d  Fo’c , E ., The
ton al comment s. The opinions expressed are those of the Effects of Sleep Deprivation on the EEGs of Epileptic
aut hor and arc not to be constru ied as necessari ly reflecting the Children , Developun . Mcd, Child Neurol,, (1969), I I :
official views or endorsement of the Department of the Navy . 77t—77 6 .

59



P. Nait oh

24.— Greenbe g. R and l’e,u r linar u , C., C u u u i n g  the ELM nerve: An 47.— Olive, I I .  1) ., Cc , u l ,un , B 1)ugger , U. and Smimb , C., An Lva-
Approa ch to t he Adaptive Role of REM Sleep, Per sp . B,o I . I t u au io n  oh the FAt es u s of I3ed l(est , Sic-ep lk pr u vat u on and

I ) u . ’ out iflu uanc e of I i .iiii u i  ig 01 u u he Ph ysk .il I i  t tie SS of I I  i ghl y~~~~ ( 1974), 1 7: 513— 521 ,
25.— Hamilton , P., \‘(tlkiusson , R . 1 and Edwards , R. S. , A Study m.~f i r ai uu e d \ ou lng Men (N. \ ’sA CR I 14044. Ni 5-3 2 00~ , l iar .

ding ( A u t legc . Sca rcv Arkansas . 9 13).Four I ) .n s Pa r t u .u I Sleep lk pu v.i uuo n , in: Coiquhoun , W. P., 48 !atnt ~~ d, J ., Fr mm berg, J ., Cranst rom , M., Karlsson , C. G., Levi ,I ~ 01 HUMAN 1.1 l I d  I .N( .V ( Eng lish Un iv.  
L. and Unger . I’ . , St iess and the I Iu n uaz u ( , r a u1uicx ~ tel’rc- ,s , London , 1972). Ph.ig~~~uo~i~ .u ii ~I Turnover Rep. Lah . Cli i i .  Stress Res.,26.— itar n is , \\‘. and O’llanlon , 1. lv ., A Study of Recovery Functions l) ep u - , .\Ic’d P~~dii , i u , Ka ro l in sk a , 1974).in Nt. un ( 1 Iu uruua n Factors Research , liuc ., Santa Barbara Rese- 49.— I’ ut inb lad , J , Cantell , K ., Strander , II . ,  Frobcrg, J , K.irl sson , Cardu Par k , (iolcta , Calif., t ’u 72 ) .  
U. an d L v i i . I. . . ‘stre ss u r Lxposur e and I lum an Inu er ter on27.— 1 I. uu ’t lv . L. B.. .’\ Comparison of Continuous and Distributed 
l’roductic u i  ( Rep. Lab. Clin. Stress Re., Dcpts Med. Psych’sReduced Sleep Schedules , Quart. J .  Exp. P siu ’hl ., (1974), Karot inska , 19 74) .2~. 8—14 5Ø,.__ l> ,m ss o i iant , I’., ( , mu l i l t u ae , I. and Ribste in , NI., Lea Privat ions28.— llassetman , Id., Sehaff . ( .  and Nletz , 13 , I nfluences Respcctuve s de Simn ime it ay e.  M~ uvent ’nu ’. ( ) cs i , l .u i u e ’ , par les A n uud edii t rav a il , dc Ii l cmp v r . u u iure  A mn b ia n t r  et de Ia Privation presseurs , !~ev. N eurol., (1972),  127: 173— 192.di’ So ’nuui eul st ir I l  . ‘.sre tion Uni nair e de Catetholamines daez 

Pfiu g. B ., Ober den Schla tcntz ug iii der amhu l , inten ‘l ’hc rap ieI I  lomme Normal , C. R. uu . l3iul , (196 ( 1),  154: 197—20.. 5i

29.— Il enu iev iru . I ’ an d Lcconte , P . La fonction du Sommeil Para- sui loge ner Deprc csion , ,\erv, ’na rZt , (1972 ) , 43: 614.—622.
do’s.i !. l:aits Ct Hypotheses , Ann. Psycho l. , (1971) ,  71: 52.— Pflug, B. and 101k , R ., I)ie Wirkung des Sthlafenti.uges auf

due Symptom . tik d i r  end ogcnen l)epression , fl: Jov aru ovu ~ ,45) 519 . U. j. , TIlE N , \ TL ‘RE OF SLELP ( Guus t . uv  Fischer Verlag,30.— j o lt tm ~~n , L.C. and MacLeoti , \X’. , Sleep and Awake Behavior Su tt rt 1973).during Gradual Sleep Reduction Percept. Motor Skills , 
~~~~ Rcchtsehat leu . A , ‘I’hue Control of Sleep, in: l lu in t , W. A. ,

19 73 ) ,  36: 87—97. l I t J N l . \ N  BEh AVIOR A N ) )  l ’I ’S Co NTR OL ( Sch eu ikmaut31.— Johnson , L. C. and N a uu oh . P., The Operational Consequences Press , Cambridge , Mass., 1971).
ot Sleep lkpnivauon and Sleep Deficit (AGARD-AG- 193 , 54. — Sd~~k. 11., Meyer , A. j. .uuu d Cohen , R., I:’s pcrinuenue l ter ~I r ,iu tm
NATO , 1974). Entzug und psychische Verlnderungen , N ’rvcnar: t , ( 1 968),

32.— Johnson , L. C., Naitoh , P. , Moses , J. M. and Lubin , A., Inter- 
~~~

• i 93—1 98.action f R l .M Deprivation and Stage 4 Deprivation with 
~~~~~~~ 

Scollo-Las’izasni , G . and ScolIo- Lavizzari , G . R. , Sleep, Steep Dc.
Total Sleep Loss: Experiment 2 , Vuvchophys :ology, ( 1974), privation , Photosensitivity and Epilepsy, Eur op euro! .11: 147 ---t59. ( 1974 ) ,  11. ’ 1—12.33.— Jouyet , N I. .  The Rc ’e of Monoamines and Acetyldioline Con- 56. — Smith , C. , Kitahama , K. , Va la tx , j. L. and Joul vet , Id ., Increasedta m ing N eu trons in the Regulation of the Steep-waking Cycle , Paradoxical Steep in Mice dtur in g Acq u i u . i t i c i n  of a ShockErgc h nzsce Phystol., (1972),  64: 166—307. Avoidance Task , Brain Re:., (1974),  77: 221—230.34.— Jovanovii , U. J. , Liebaldt G., MuhI M., Nippert , M., Stö&er , 

~~~
.— Steinberg, I i., Guggenheim , F., Baer , F. and Snyder , F. , Cate~C. an d S tu mk a t , E.. ‘Lange rer ~chIa fentzug und seine Be- d’iot Amities and their Metabo lites in Various Stases ofgleiterscheinungen , Arch. P sych ia t. Nervenkr ., ( 197 1), 214: “A rousal” , J . P cychoso m Re:., (1969), 1? ’ 103—108.

183 202. ~8.— Stern. ) .  A , The Effect of Fati~uc on Visual Se.urch Ac t iv i t y35.— Kreusthmar ,J .  II.  and Peters , U. H., Sleep Deprivation as Treat- (Final  Rep. Contract No. t)A 49 193M 1)27 15 , Was hingtonment of Endogenous Depression , in: Jovanoviui , U. J . ,  TUE U niv . St. Louis , Missouri 1972).NAT ( RE OF SLEEP (Gustav Fischer Verlag, Stuttga rt , 59.— Stocker , ~~~. and Jovanovi .~, U. ’J. , The Significance of Prolonged1973). Sleep Deprivation in Road Traffic , in :  Joc’anov k , U 1, TI lE
36.— Levi , L., Psychological and Physiological Reactions to and NATURE OF SLEF.P (Gu stav Fischer Verlag, Stuttg art .

Psychomotor Performance during Prolonged and Complex 1973) .
Stressor Exposure , in: Levi , L. , STRESS ANI) DISTRESS 60.— Stokes , j. P., The Effects of Rapid Eve’ Movement Sleep on
IN RES PONSE TO PSY~ 11OSOC1AL STIMULI (Perga- Retention , Psy cho!. Rec- ., (1 973), 2 3 ’  521 —53 1.mon Press , Oxford , 1972). 61.— Taub , 3. Ni. and Bergen , R . 1.. Performance and Mood FoI’ mwi ng37.— Lisper , ILO. and Kjellberg, A., Effects of 24-hour Sleep De- Variations in the Length and Timing of Sleep, Psycho.
privation on Rate ot Decrement in a 10-minute Auditory ph yti o l ogy ,  ( 1973),  10: 559—570.Reaction Time Task , J .  Exp. Psycho!., (1972), 96: 287—290. 62.— Vojt~thovsk~ , NI., B~ezinov i , V., Sim.Snl . Z. and I m r s . V . An38.— Lispe r , 11. 0., Dureman , I., Ericsson , S. and Karts son , N. U., Experimental Approach to Sleep and Ag i ng, H umnan Deve-Effects of Sl”cp Deprivation and Prolonged Driving on a !u~~m (1969),  12 ’ 64 —.72.Subsidiary Auditory Reaction Time, Accid. Ana ly. Prey, , 63.— Webb , W. a nd Agnew , Ib .  W In. , P art ial Sleep D cpr i v .mui on f t( t 97 1 j ,  2: 335—34L Ei ght Weeks , in:  Jovanovi 1, U. 1. , TI l E N \ ‘t ’UHE OF39.— Lubin , A., Moses,J ., Johnson , L. C. and Na iioh , P. , The Re- SLEEP (Gtus t av Fischer Verla g, Stut tgar t , 1973 ) .cu perat ive Eff ects of REM Sleep and Stage 4 Sleep on 64.— Webb , W. B. and Agnew , TI W. Jr , The Effects of a ChronicHuman Performance after Complete Steep Loss: Experiment Limitation of Sleep Length , P sy chop h-m’sro to- e . (1974), I I :1, Psychophy s iology, (1973),  11 :  27—35. 265—274.40-— Morgan, B. B., Effects of Continuous Work and Sleep Loss in 65.— Webb , W. B., Cohen , I-I., Fishbein , W. , Lubin , A , Peartman . C. .the Reduction and Recovery of Work Efficiency, Amer. Ruh in , R., Wilki n son . R. and Will iams , 11., Sleep Depr i .I ndut: . Uyg. Itssoc. J . , (1974),  35: 13—20. vation : Total , Partial and Selective , in:  PF.RSPFCTTVF .S41. Moses,J .D .,  Johnson , L. C,, Naitoh , P, and Lubin , A,, Sleep IN THE BRAIN SCIENCES , vol. 1 , THE SLEEPING
Stage Deprivation and Total Sleep Loss: Effects on Sleep BRAIN (Brain Information Service , UCLA , Los A nge les ,
Behavior , Psychophysiology, ( 1975) ,  12: 141—146. 1972) .

42.— MuhI , M., Nippert , M. , Stocker , U., Stumkat F., Luebaldt , G. 66.— Wilkinson , R. T., Sleep Deprivation , in:  F.dholm, 0 C . an d
and Jovanovii , U. J ., Changes of Broelectric Brain Poten- Bachrath , A. L., THE PHYSIOl OGY OF HUMAN SUR-
tua ls during Prolonged Sleep Deprivation , in: Ju .”inovim5 , U. VIVAL ( Academic Press , New York , 1965).

‘I’UE NA TUR - OF S EEP (Gustav Fischer Verlag, 67.— Wilkinson , R. T., Sleep Deprivat ion : Performance Teats for
tuttg art , 1973). Partial and Selective Sleep Depr ivation , in:  Abt , I. A. an d43,— Mouret , . R., Renau d , B., Quenin , P., Midiel , D. and Sthott , B., Re iss , B. F., PROGRESS TN CLINICAL PSYCHOLOGY

Mono amines et Regulation de Ia Vigilance I . Apport et (Grune & Stratton , New York , 1969).
Interpretation Biodiimique des Donnes Polygraphi ques , ~~~~,— Wyatt. R. I.. Fram . ~). H ., Kunfer , 1). 1. and Snyder , F. . Total
Rev, Neurol., ( 1972), 127: 139—155. Prolonged Drug-induced REM Sleep Suppression in Anxious-

44.—. Naitoh , P. , Sleep-loss in Man (Springfield , Ill., Thomas, In depressed Pht ients , Arch. Gen. Psyc *j at ., (197 1) , 24:
Press). 145—155 .

45.— Naitoh , P. Johnson , L. C. and Lubin A. The Effect of Selective 69.— Yoss, R. E., Mover , N. I. and llo!lenhorst . R W , P”p il Size
and TxaI Sleep Loss on the CN’) and its Psychologica l and Spontaneou s Pupi llary Waves Associated with Altert.
and Physiological Correlates , Electroenceph. Clin. Neuro. ness, Drowsiness and Sleep, Neuro l., (1970) ,  20: 545—554.
physiol., ( 1973), .Sappl . Vol. 33: 213—2 18.

46.— 0 anion , 3,, Hea rt Rate Variabili ty: A New Index of Driver
Alertness/Fatigue (Human Factors Research, Inc., Santa
Barbara Research Park , Goleta , Calif., 1971).

60

-A



Iluclassi fled
,. I~ ~~~ C~~ A ~~~~~~~~~ 1~~’ 1.-O S P* ,,1 ‘Who, ,  I .~.. Cn o,od

R EPORT DOCUMENT ATION PAGE BEFORE C(u MP1. ET LS G~~~ ‘PS’
I - . M ~, I . k, — 2 G O V T  A C C E S S I O N  NO.  3 R E C IPI E NT ’ S C A T A ,  C ) ,  ~.. .“~~ ~

S T Y P E  OF R E P O R T  A P E R I OD  CO.~~~’ t C

/ Sleep Deprivation in Ikm~an Subjects:
A Reappra i sal4 

.
~~~~/ 6 P E R r 0 R M l N G OR G LF’ C~~~

7. AU~~~O . :~~~~~~ 
-

~~~ 

— -  

-

~~~~ 
C 0 N T R A C ~ O~~~ G R A N ~~~~~~.M~~ LR ’ ,

;/ ç )  -- /
~~~~ I’;\ IJL N~\ 1’JOI J /

~~~ iT~T~~v T T~~~~c~ M u  ~~Tss ’ A~~~~~~ T I ’ . :1 ~~~s

\~va i  h e a l t h  Research Center
Sin Diego , Calif. 9215

~~~~~~~~~~~~~~~~~~ O F F I C E  ~, A M E ~~,.r, A D D R E S S  IS 
-

Bureau of ~‘1edicine and Sur ~ c’i-~- . . ~~~ ~ . —

I)epa r trnL ’nt of the Navy I t  N .:M ~8 E R O r  P A G E S

1~ashiii~ton D.C 2Q~~1fl. .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.___________

14 M O N I ’T O R I P ~’~ ~~~~ N A M E  A A~ :.C P  E ‘.S~~f d t f f ~~,~ n1 Ir,~ ,, C r , r , r ’of i I r , ~~ Of f , c o  IS  S E C U R I T Y  CL A S S .  ( of  IS,. ,oJ’ ,
~
,,

[Al ~~
) Unclassified

/ ~
‘ ! “ t”’ ‘ 

~ IS. OEC A S $ I F I C A T IO N  D O W N & F t A O I N C .
— S C I ’ f E O U L E

‘‘. : ‘ ,‘~~~ B:. T , C , ,~ ‘,~~ A T E U E N ’ I 0 ’  ~~~~~~~~~

..\p roved for public release , di st r i hu t ion  ~ml imi ted

V? D u S T  RI PU ’
~ I O N  5 A~~ I. M E N T  (of rho .h,, nf.,.d In Block 20. II d I f I ~~’.’ ø~U l ~ or~, Raporl)

IA  S U P P L I M E N T A R Y  N O T E S

19 K E Y  W O R D S  (Co nISn ,,. on ,•c., .e .Ide II n000..*ry ~~~ Identify by block oMfl~.So’ .

Biocha’nistry , Ep ilepsy’, lmunology, Individua l I)i fferences , Operat jonal
Consequences, Reduced Sleep , Sleep Stage l)eprivat  ion , Task Performa nce ,
‘lotal Sleep Loss

A B S T R A CT fCon~In~~e on ,eve,ee aId. as n.r...a ~~ ~~d IdsnUSy by b loc k numb .,~
. orn e recent s tudies  on sleep loss reveal significan t iiiiprovai~ents in hio-ch~ ii ic al , phy siologica 1 and psycholo~iical  method s of assessment. C r i t i c : u l
cx~miination of these studies indicates altered research emphases, some ne~’1v
developed research concepts, and a new awareness of the methodological
comp l i -x i tv  involved in the seaiiingly simple research tool , slee p deprivation .
The present paper Suggests that sleep deprivation research will ranain
important in advancing our understanding of the impact of sleep loss , and of
the mechanisms for the need of sleer~. ~
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